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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a steel for sof t-nitriding, excellent in cold 
forgeability and showing satisfactory pitting resistance even in the case of 
application to parts, such as gear, to be subjected to high bearing force. 

SOLUTION: This steel for sof t -nit riding is composed of a low carbon steel 
containing, by mass, ^2,0% Cu and ^2.0% {not including 0%) Ni and having ^50 
area% area ratio of ferrite and also having ^40 jam average grain size of ferrite . 
As a concrete chemical composition, it is preferable that this steel has a chemical 
composition consisting of ^0.2% C, <0.15% Si, ^2.0% Mn, ^0.015% P, ^0.030% S, ^ 
2.0% Cu, ^2.0% Ni, ^1.0% Al, :^0.030% N, and the balance Fe with inevitable 
impurities . 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Steel for soft nitriding excellent in the formability in cold forging and pitching-proof nature 
which are characterized by being the steel for soft nitriding which consists of low-carbon steel, for the 
rate of area of a ferrite being more than 50 area % while carrying out content of below 2.0% (semantics 
of mass %: it is below the same) (0% is not included), and the nickel for Cu 2.0% or less (0% is not 
included), and the mean diameter of a ferrite being 40 micrometers or less. 

[Claim 2] Furthermore, less than [ aluminum: 1.0% ] (0% is not included), N : Steel for soft nitriding 
containing 0.030% or less (0% is not included) of one or more sorts [ any ] according to claim 1. 
[Claim 3] Furthermore, less than [ Cr:2.0% ] (0% is not included), less than [ Mo:2.0% ] (0% is not 
included), V : Steel for soft nitriding containing one or more sorts chosen from the group which consists 
of less than [ Nb:1.5% ] (0% is not included) 2.0% or less (0% is not included) according to claim 1 or 
2. 

[Claim 4] Furthermore, steel for soft nitriding according to claim 1 to 3 which carries out content of Ti 

0.5% or less (0% is not included). 

[Claim 5] Furthermore, steel for soft nitriding containing one or more sorts chosen from the group which 
consists of less than [ calcium:0.01% ] (0% is not included), less than [ Zr:0.08% ] (0% is not included), 
less than [ Te:0.08% ] (0% is not included), less than [ Bi:0.08% ] (0% is not included), and less than 
[ Pb:0.30% ] (0% is not included) according to claim 1 to 4. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this trauislation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention shows the formability in cold forging which was excellent before 
soft nitriding processing to a detail about the steel for soft nitriding excellent in formability in cold 
forging and pitching-proof nature, demonstrates the outstanding pitching-proof nature after soft nitriding 
processing, and relates to the steel for soft nitriding which has the abrasion resistance and the fatigue 
resistance more than carburization material and an EQC. The steel for soft nitriding of this invention is 
suitable for components, such as a gearing which can use for the structural steel worker components 
which dislike that distortion occurs, and high planar pressure requires like a gearing, a splice, and a shaft 
especially at the time of use at the time of heat treatment. 
[0002] 

[Description of the Prior Art] About the components with which abrasion resistance and fatigue 
resistance are demanded like a gearing or a shaft also in machine structural steel worker components, 
carburization processing is performed and it is used. Steel materials are heated beyond austenitizing 
temperature, carburization processing carries out invasion difftision of the carbon into steel, by 
quenching after that, it is the approach of considering as a martensite subject's organization, and a big 
distortion generates it at the time of hardening after carburization. There is nitriding as an approach of 
controlling heat treatment distortion generated in such carburization processing. According to nitriding, 
it is Al. Surface hardening can be performed at the temperature below transformation point temperature, 
and very high surface hardness can be obtained by generally adopting the approach of making nitrogen 
trespass upon the interior from a steel front face in the 500-525-degree C ambient atmosphere of 
ammonia gas or nitrogen gas. However, very long time amount is required for nitriding treatment, for 
example, 50 hours or more are needed for obtaining a hardening layer depth of 0.2mm or more. Then, 
soft nitriding is developed for the purpose of compaction of the processing time. Soft nitriding is an 
approach of performing nitriding treatment, blowing air into this salt bath using a melting cyanogen salt 
bath (570 degrees C). Moreover, when you do not want to use the above cyanides, it is RX gas (for 
•example, gas which has CO:20%, H2:40%, and N2:40% of presentation), and NHS. It is known that 
what is necessary is just to adopt the approach of performing nitriding treatment in the ambient 
atmosphere which mixed gas at a rate of 1 : 1 . 

[0003] As steel for nitriding used for the above nitriding treatment, there is SACM645 of JIS steel, in 
addition nitriding treatment is performed to S45C which is SCM435 and machine structural carbon steel 
of machine structural steel worker alloy steel, and it is used. 

[0004] However, when soft nitriding processing was performed to such steel for nitriding, effective case 
depth hardended by carburizing treatment was shallow, and when used for the gearing which high planar 
pressure requires, it had the problem of being easy to produce exfoliation on the boundary of the 
hardening layer and core part of steel. That is, when soft nitriding processing was performed to the 
conventional steel for nitriding, it was pointed out that planar pressure-proof nature (typically henceforth 
pitching-proof nature), such as pitching-proof nature and spalling resistance, is inferior as compared 
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with carburization material. Then, various researches are made for the purpose of development of the 
steel for soft nitriding which can obtain pitching-proof nature comparable as carburization material by 
soft nitriding processing. For example, by increasing the quantity of alloying elements, such as V and 
aluminum, and adding, in JP,6-264178,A, deep effective case depth hardended by carburizing treatment 
can be obtained as compared with SCM435 or S45C, and the steel for soft nitriding which has pitching- 
proof nature comparable as carburization material is indicated. 

[0005] By the way, development of the steel materials in which the so-called net shape processing which 
processes the target configuration with cold forging is possible is demanded from a viewpoint of 
reducing the manufacturing cost of structural steel worker components by skipping a cutting process, 
without performing cutting, and the more excellent formability in cold forging is demanded also from 
the above-mentioned steel for soft nitriding. As a technique aiming at improvement in the formability in 
cold forging of the steel for soft nitriding, the steel for soft nitriding currently indicated by JP,5- 
17 1347, A is mentioned. According to this technique, hardness after rolling can be set to 200 or less Hv, 
surface hardness after soft nitriding processing can be set to 600 or more Hv(s), effective case depth 
hardended by carburizing treatment can be set to 0.2mm or more, and the outstanding formability in cold 
forging can be obtained. However, since the core part hardness of the above-mentioned steel for soft 
nitriding was 200 or less Hv, its hardness difference of a core part and the surface section was large, and 
when it applied to components, such as a gearing which especially high planar pressure requires, 
sufficient pitching-proof nature was not obtained. 
[0006] 

[Problem(s) to be Solved by the Invention] This invention is made paying attention to the above- 
mentioned situation, it is the steel for soft nitriding excellent in formability in cold forging, and even if it 
is the case where it applies to components, such as a gearing which high planar pressure requires, it 
tends to offer the steel for soft nitriding which demonstrates sufficient pitching-proof nature. 
[0007] 

[Means for Solving the Problem] Let it be a summary for this invention which solved the above- 
mentioned technical problem to be steel for soft nitriding which consists of low-carbon steel, for the rate 
of area of a ferrite to be more than 50 area %, while carrying out content of 2.0% or less (0% is not 
included) and the nickel for Cu 2.0% or less (0% is not included), and for the mean particle diameter of 
a ferrite to be 40 micrometers or less. 

[0008] As a concrete chemical entity, C;0.2% or less (0% is not included), Si: Less than [ 0.15% ] (0% . 
is not included), less than [ Mn:2.0% ] (0% is not included), P:0,015% or less (0% is not included), 
S:0.030% or less (0% is not included), Cu: It is desirable that contain less than [ 2.0% ] (0% is not 
included), less than [ nickel:2.0% ] (0% is not included), less than [ aluminum: 1.0% ] (0% is not 
included), and N:0.030% or less (0% is not included), and the remainder consists of Fe and an 
imescapable impurity. 

[0009] Furthermore, less than [ Cr:2.0% ] (0% is not included), less than [ Mo:2.0% ] (0% is not 
included), V:2.0% or less (0% is not included), less than [ Nb:1.5% ] (0% is not included), The rate of 
ferrite area can be raised by making one or more sorts chosen from the group which consists of 0.5% or 
less (0% is not included) in Ti contain, improvement in formability in cold forging can be aimed at, and 
addition of inside or Ti is effective also when raising pitching-proof nature, 

[0010] Moreover, improvement in machinability can be aimed at by making one or more sorts chosen 
from the group which consists of less than [ calcium:0.01% ] (0% is not included), less than [ Zr:0.08% ] 
(0% is not included), less than [ Te:0.08% ] (0% is not included), less than [ Bi:0.08% ] (0% is not 
included), and less than [ Pb:0.30% ] (0% is not included) contain. 

[001 1] In addition, in this invention, it may be the thing of the poly GONARU ferrite or a reed KYURA 
ferrite, and any of single phase, such as a pearlite, bainite, and martensite, or a mixed phase are [ a 
ferrite may not limit the organization of those other than a ferrite phase, and ] sufficient as it. 
[0012] 

[Embodiment of the Invention] While this invention persons raise the formability in cold forging before 
soft nitriding processing and enable net shape processing While carrying out the rate of area of the 
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ferrite before cold forging to more than 50 area % for raising the formability in cold forging before soft 
nitriding processing after soft nitriding processing as a result of repeating research wholeheartedly for 
the purpose of development of the steel for soft nitriding which demonstrates the outstanding pitching- 
proof nature It hit on an idea of what is necessary being to make it contain Cu as a component 
presentation to obtain pitching-proof nature sufficient after soft nitriding processing, and just to control 
the mean particle diameter of a ferrite to 40 micrometers or less to header this invention. In addition, 
since it will be easy to generate a crack at the time of hot rolling if Cu is contained as a chemical entity, 
when controlling the embrittlement at the time of the hot rolling by Cu addition, it is required to make 
nickel add. 

[0013] Moreover, in order to raise the formability in cold forging before soft nitriding processing, it is 
required to control addition of the element which enlarges deformation resistance, and it is desirable by 
specifically restricting the content of Si and P to aim at improvement in deformability by making 
deformation resistance small and restricting S content. Furthermore, if carbon nitride formation 
elements, such as Cr, Mo, V, Nb, and Ti, are made to contain, since it can promote condensation of 
carbon nitride and the rate of ferrite area in rolled stock can be raised, it is effective for improvement in 
formability in cold forging. 

[0014] In order to secure sufficient pitching-proof nature, while raising the core part hardness after 
nitriding treatment and, making small the hardness difference of a core part and the surface section on 
the other hand, it is required to make deep effective case depth hardended by carburizing treatment. In 
order to raise core part hardness in the organization which is doing the rate of ferrite area to more than 
50 area % from a viewpoint of formability in cold forging, it is important to make Cu which is an age- 
hardening element contain. That is, core part hardness is securable by depositing detailed Cu in steel at 
the time of nitriding treatment. 

[0015] Moreover, since C and N are diffiised along a ferrite grain boundary at the time of nitriding 
treatment, if mean particle diameter of a ferrite is made as small as possible, diffiision of C or N can be 
promoted and deeper effective case depth hardended by carburizing treatment can be obtained in a short 
time. Specifically, it is important to set mean particle diameter of a ferrite to 40 micrometers or less. 
Hereafter, the chemical entity of the steel for soft nitriding conceming this invention is explained. 
[0016] C:0.2%or less (0% is not included) C is an essential element for obtaining desired core part 
hardness and effective case depth hardended by carburizing treatment. However, since formability in 
cold forging will get worse if many [ too ], as for an upper limit, considering as 0.2% is desirable. 
[0017] Si: Since the deformation resistance at the time of cold forging will become large 0.15% or less 
(0% is not included) if many [ too ] although Si is an element usefiil as a deoxidizer at the time of an 
ingot, it is desirable to make an upper limit into 0.15%. 

[0018] Mn: Although 2.0%or less (0% is not included) Mn is an element usefiil as a deoxidizer at the 
time of an ingot, since formability in cold forging will fall if many [ too ], it is desirable to make an 
upper limit into 2.0%, and it is more desirable in it being 1 .5% or less. In addition, the minimum with 
desirable Mn content is 0.3%. 

[0019] P:0.015%or less (0% is not included) P is an element which raises the deformation resistance at 
the time of cold forging. Therefore, when securing formability in cold forging, it is desirable to make an 
upper limit into 0.015%, and it is more desirable if it is 0.010% or less. 

[0020] Although it is the element which S:0.030%or less (0% is not included) S generates MnS, and is 
contributed to improvement in machinabiUty, since the deformability at the time of cold forging will fall 
if many [ too ], as for an upper limit, considering as 0.030% is desirable. It is desirable to make 
formability in cold forging into 0.015% or less to make it improve fiirther, and it is more desirable if it is 
0.010% or less. 

[0021] Cu: Less than [ 2.0% ] (0% is not included) Cu is an element contributed to the age-hardening of 
the core part at the time of nitriding treatment, and is an essential element in the steel for soft nitriding of 
this invention. However, since hot shortness was produced and the crack occurred in the manufacture 
process when many [ too ], the upper limit was defined to 2.0%. Preferably, it is 1.0% or less. In 
addition, in order to obtain sufficient core part hardness by the age-hardening, it is desirable to make it 
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contain 0.2% or more. 

[0022] nickel: 2.0%or less (0% is not included) nickel is an element effective in controlling the hot 
shortness by Cu addition, and is an essential element in the steel for soft nitriding of this invention. 
Hov^ever, since cutting ability v^ill fall rapidly if it adds superfluously, an upper limit needs to consider 
as 2.0%. 

[0023] aluminum: It is an element effective in forming N and the compound with which aluminum 
invades 1.0% or less (0% is not included) at the time of nitriding treatment, and raising surface hardness. 
However, since productivity got worse and the increment in cost was caused when many [ too ], 1 .0% 
was set as the upper limit. Preferably, it is 0.5% or less. In addition, for obtaining sufficient surface 
hardness, adding 0.015% or more is desirable. 

[0024] N combines with aluminum, V, Ti, Nb, etc. in steel N:0.030% or less (0% is not included), a 
nitride is generated, and the effectiveness which controls big and rough-ization of crystal grain is 
demonstrated. However, since effectiveness was saturated even if many [ too ], 0.03% was set as the 
upper limit. In addition, in order to demonstrate sufficient effectiveness, it is desirable to make it contain 
0.003% or more. 

[0025] Although the above-mentioned element is contained and it is recommended that the remainders 
are Fe and an unescapable impurity, as for the steel for soft nitriding of this invention, it is desirable to 
add any one or more sorts of Cr, Mo, V, Nb, Ti, calcium, Zr, Te, Bi, and the Pb fiirther firom the reason 
for explaining below. 

[0026] Each of Cr:2.0%or less (0% is not included) Mo:2.0% or less (0% is not included) V:2.0%or less 
(0% is not included) Nb:1.5%or less (0% is not included) Cr(s), and Mo, V and Nb(s) are carbon nitride 
formation elements. Since it has the operation which raises the rate of ferrite area by promoting 
condensation of carbon nitride by rolled stock, improvement in formability in cold forging can be aimed 
at by adding. 

[0027] Also in the above-mentioned carbon nitride formation element, Cr is effective, also when 
forming carbon nitride and raising surface hardness at the time of nitriding treatment. However, since 
toughness will be degraded when Cr segregates to a grain boundary and reduces grain boundary 
reinforcement if many [ too ], as for an upper limit, considering as 2.0% is desirable. 
[0028] Moreover, since it will be saturated if the effectiveness of raising formability in cold forging by 
making Mo containing exceeds 2.0%, 2.0% or less is enough as the content of Mo. 
[0029] It is an element which makes deep effective case depth hardended by carburizing treatment while 
in addition to the effectiveness of raising formability in cold forging V combines with C and N at the 
time of nitriding treatment, generates carbon nitride and raises surface hardness. However, since the fall 
of machinability will be caused if many [ too ], as for an upper limit, considering as 2.0% is desirable. 
[0030] While in addition to the effectiveness that Nb also raises formability in cold forging like V 
combining with C and N at the time of nitriding treatment, generating carbon nitride and raising surface 
hardness, it is the element which makes deep effective case depth hardended by carburizing treatment. 
Furthermore, it is effective also in detailed-izing of crystal grain. However, since degradation of 
formability in cold forging is caused even if many [ too ], as for an upper Umit, considering as 1.5% is 
desirable. 

[0031] Ti: 0.5%or less (0% is not included) Ti is also a carbon nitride formation element, raises the rate 
of ferrite area by promoting condensation of carbon nitride by rolled stock, and contributes to 
improvement in formability in cold forging. And it combines with N and Ti nitride is generated, and 
since it is effective also in detailed-izing of crystal grain, it is effective also for improvement in pitching- 
proof nature. However, since machinability will fall while a pitching life becomes short if many [ too ], 
it is desirable to make an upper limit into 0.5%, and it is more desirable that it is 0.1% or less. In 
addition, in order to demonstrate the effectiveness of Ti addition effectively, adding 0.005% or more is 
desirable. 

[0032] calcium: Each of less than [ less than / less than / less than / less than / 0.01% / (0% is not 
included) Zr:0.08% / (0% is not included) Te:0.08% / (0% is not included) Bi:0.08% / (0% is not 
included) Pb:0.30% ] (0% is not included) calcium, and Zr, Te, Bi(s) and Pb(s) are elements which have 
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the effectiveness of raising machinability. By adding, calcium can wrap hard inclusion in elasticity 
inclusion, and its machinability improves. However, since effectiveness will be saturated if it exceeds 
0.01%, 0.01% or less of addition is enough. Zr is effective also when improving the anisotropy of steel 
materials, since it also has the operation which makes MnS spheroidize in addition to the improvement 
effectiveness of machinability. However, since effectiveness will be saturated if it exceeds 0.08%, 
0,08% or less of addition is enough. Since the improvement effectiveness in machinability of Te and Bi 
will also be saturated if it exceeds 0.08%, respectively, 0.08% or less of addition is enough as it. 
Although Pb is an element effective when raising machinability, since a pitching life will become short 
and fatigue strength will fall if it exceeds 0.30%, it is desirable to make 0.30% into an upper limit. 
[0033] Furthermore, the reason for limitation of the rate of area and mean particle diameter of a ferrite 
which is an organization important for the steel for soft nitriding of this invention is explained. 
It is required to consider the organization before cold forging as a ferrite subject's organization, and in 
order to raise the formability in cold forging before rate of ferrite area >=50 area % nitriding treatment, 
at least, more than 50 area % is indispensable at the rate of area, and if it is more than 80% area, it is 
more desirable [ if it is more than 70 area %, it is desirable, and ]. 

[0034] The rate of ferrite area performs organization observation for an organization using an optical 
microscope, and should just ask for the rate of occupancy area of the ferrite part within a visual field by 
image analysis. In the below-mentioned example, the optical microscope performed organization 
observation of five visual fields to arbitration by 400 times, and the average was made into the rate of 
ferrite area. 

[0035] Diffusion of C and N is promoted at the time of nitriding treatment, so that a ferrite grain is 
small, since ferrite mean particle diameter diffuses C and N preferentially along a ferrite grain boundary 
at the time of 40-micrometer or less nitriding treatment. That is, by making mean particle diameter of a 
ferrite small, diffusion of C and N is promoted and deep effective case depth hardended by carburizing 
treatment can be obtained in a short time. It is desirable in it being necessary to set ferrite mean particle 
diameter to 40 micrometers or less, for acquiring this effectiveness, and it being 35 micrometers or less. 
[0036] However, when ferrite particle size is less than 20 micrometers, Cu deposits at the time of rolling 
and the amount of Cu(s) which contributes effective in a hardness rise by aging treatment decreases. In 
this case, after performing solution treatment which dissolves again Cu which deposited after rolling 
into steel, core part hardness can be raised by performing cold forging, being able to deposit detailed Cu 
and securing formability in cold forging into steel, at the time of nitriding treatment. 
[0037] In addition, in this invention, the mean particle diameter of a ferrite was the average of the ferrite 
particle size computed in the following formulas, for example, in the below-mentioned example, 
organization observation (scale factor: 400 times) of five visual fields was performed at random using 
the optical microscope, and ferrite mean particle diameter was measured by measuring and equalizing 
the ferrite particle size of ten per one visual field. 
Ferrite particle size = 1/2 (major-axis + minor axis of a ferrite grain) 

[0038] Moreover, in order to set ferrite mean particle diameter to 40 micrometers or less, whenever 
[ before rolling / stoving temperature ] is made into 1 100 degrees C or more, and rolling reduction is 
rolled out at 950 degrees C of rolling finishing temperature 30% or more, and it is 0.3-100 degrees C/sec 
about the cooling rate after rolling finishing. What is necessary is just to adopt the approach of 
controlling. 

[0039] Hereafter, although an example explains this invention to a detail further, the following example 

is not the thing of the property which limits this invention, and each thing marked and done to before 

and the after-mentioned main point for a design change is included in the technical range of this 

invention. 

[0040] 

[Example] 

Using the steel materials of No. 1-23 which show a component presentation in example 1 table 1, it was 
divided with deformation resistance as an index of formability-in-cold-forging evaluation, and 
generating working ratio was investigated. After the test piece for deformation resistance measurement 
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having ingoted the 50kg of the above-mentioned steel materials, respectively and carrying out hot 
forging to phi35mm, the normalize heat treatment (they are after 1-hour heating and air cooling at 900 
degrees C) was performed, and measurement of crack generating working ratio used the test piece 
machined in the configuration shown in drawing 1 using the round bar subsequently to phi20mmx30nmi 
machined, however, to the test piece of No. 14 and No. 15 Solution treatment which carries out water 
cooling after replacing with the above-mentioned normalize heat treatment and heating at 900 degrees C 
for 1 hour is performed. To the test piece of No. 16 and No. 17 It replaced with the above-mentioned 
normalize heat treatment, after heating at 900 degrees C for 1 hour, it machined by having carried out air 
blast cooling, and the test piece of No.22 and No. 23 machined by performing spheroidizing after the 
above-mentioned normalize heat treatment. It is divided with the value of deformation resistance and 
generating working ratio is shown in Table 1 with the rate of ferrite area and ferrite mean particle 
diameter of each steel materials. 
[0041] 
[Table 1] 
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[0042] Deformation resistance [ in / as for SWRCHIO whose No.21-23 are the conventional material 
and whose No.21 are JIS steel and No.22, S45C balling-up material and No.23 are SCr420 balling-up 
material, and / in all / 60% of working ratio ] is 2 700Ns/mm. While being the following, crack 
generating working ratio is 60% or more, and is excellent in formability in cold forging. 
[0043] the steel materials which No. 1-1 5 require for this invention - it is - any - the above ~ 
deformation resistance [ in / conventionally like steel / 60% of working ratio ] — 700N/mm2 While 
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being the following, crack generating working ratio is 60% or more, and is excellent in formability in 
cold forging. 

[0044] No. 16 and No. 17 are the examples of a comparison when the rate of ferrite area is too low, and 
deformation resistance is 2 700Ns/mm. While being above, crack generating working ratio is less than 
60%, and formability in cold forging is scarce. No. 18 are an example of a comparison when there are 
too many amounts of Si, and deformation resistance is 2 700Ns/mm. It is as large as the above and crack 
generating working ratio is also low. Although No. 19 are an example of a comparison when there are 
too many amounts of P and crack generating working ratio is 60% or more, deformation resistance is 2 
700Ns/mm. It is large with the above. No.20 are an example of a comparison when there are too many 
amounts of S, and deformation resistance is 2 700Ns/mm. Although it is the following, crack generating 
working ratio is low. 

[0045] After ingoting 50kg of steel materials which show a component presentation in example 2 table 
2, respectively and carrying out hot forging to phi65mm, the normalize heat treatment (they are after 1- 
hour heating and air cooling at 900 degrees C) was given, subsequently it machined and the test piece 
for thrust mold rolling fatigue tests whose machined surface granularity is 2S in plii60mmx5mm was 
produced. However, solution treatment which carries out water cooling to it after replacing with the 
above-mentioned normalize heat treatment and heating to the test piece of No. 14 and No. 15 at 900 
degrees C for 1 hour was performed, and after replacing with the above-mentioned normalize heat 
treatment and heating at 900 degrees C to the test piece of No. 16 for 1 hour, to it, it machined by having 
carried out air blast cooling, and to it, the test piece of No.22 and No.23 machined by performing 
spheroidizing after the above-mentioned normalize heat treatment. 

[0046] Next, test pieces other than No.23 performed and carried out air cooling of the soft nitriding 
processing heated at 570 degrees C in the gas ambient atmosphere of RX gas:NH 3 = 1:1 for 8 hours. 
After the test piece of No.23 performed carburization processing of 3 hours at 925 degrees C and 
performed oil-quenching (130 degrees C), it performed tempering processing of 2 hours at 180 degrees 
C. 

[0047] After performing the above soft nitriding processing or carburization processing, while 
measuring core part hardness and effective case depth hardended by carburizing treatment, a thrust mold 
rolling fatigue tester is used, and it is 2 4000Ns [/mm ] planar pressure. The rolling fatigue life was 
measured. A measurement result is shown in Table 2 with the rate of ferrite area and ferrite mean 
particle diameter of each steel materials. 
[0048] 
[Table 2] 
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[0049] No.23 are the conventional carburization material which performed carburization processing to 
tfie JIS steel SCr420. Effective case depth hardended by carburizing treatment is 0.2mm or more, and, 
moreover, each steel for nitriding concerning this invention (No.l, 9, 10, 12, 14, 15) has the rolling 
fatigue life more than the above-mentioned carburization material (No.23) and an EQC while core part 
hardness is 200 or more Hv(s). If it puts in another way, the steel for soft nitriding of this invention is 
excellent in pitching-proof nature, and, moreover, its fatigue resistance is high. Each of SWRCH(s)10 
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(No.21) which are the conventional material, and S45C balling-up material (No.i22) has low core part 
hardness, and its rolling fatigue life is short. 

[0050] The rate of ferrite area is low, and No. 16 are an example of a comparison when the mean particle 
diameter of a ferrite is too large, and its a rolling fatigue life is [ effective case depth hardended by 
carburizing treatment is 0.2mm or less, and ] short. No.24 are an example of a comparison when the 
mean particle diameter of a ferrite is too large, effective case depth hardended by carburizing treatment 
is 0.2mm or less, and its a rolling fatigue life is short. The mean particle diameter of a ferrite becomes 
large too much, No.25 have too few amounts of aluminum, and a rolling fatigue life is [ No.26 are an 
example of a comparison when there are too few amounts of N, and / effective case depth hardended by 
carburizing treatment is 0.2mm or less, and ] short [ 26 ]. They are an example of a comparison when 
there are too many amounts of Cu(s), the mean particle diameter of a ferrite becomes large too much, 
effective case depth hardended by carburizing treatment is 0.2mm or less, and a rolling fatigue life is 
short [ 27 ] while No.27 have low core part hardness. They are an example of a comparison when hot 
containing Cu, No. 28 have low core part hardness and its a rolling fatigue life is short. Thus, no 
examples of a comparison of No. 16 and No.24-28 have enough pitching-proof nature, and are not so 
high as this invention steel. [ of fatigue resistance ] 
[0051] 

[Effect of the Invention] Since this invention is constituted as mentioned above, even if it was the steel 
for soft nitriding excellent in formability in cold forging and was the case where it applied to 
components, such as a gearing which high planar pressure requires, sufficient pitching-proof nature will 
be demonstrated, and, moreover, fatigue resistance can also offer the high steel for soft nitriding. 



[Translation done.] 
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